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Abstract 
The most common actuators automated systems are electromagnetic drives. During the operation of electric drives may cause 
various problems. This is often required to ensure the continuation of the work until the device can be replaced during 
maintenance activities. To do this, the drive control system must be able to adapt to the changing parameters of the object. To 
solve this problem, it is proposed to control the Weber-current characteristics of the drive and change the control settings when it 
changes. The article presents the results of eliminating electromagnetic actuator malfunction, according to the resulting Weber-
current characteristics, by changing the amplitude of the current supplied to the coil. The development of the system and special 
software to automate the corrections arising movable part of an electromagnetic actuator faults made in LabVIEW system. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The most common actuators automated systems are electromagnetic drive Fig. 1. For high responsibility devices, 
electromagnetic drive should provide continuous availability that is not always possible [1]. To ensure high 
reliability of the electromagnetic actuator operation, it is necessary to know its status in real time, which is an 
important problem of modern science and technology [2]. 
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For electromagnetic actuator diagnostics is necessary to disassemble the system and remove it. This approach is 
not always available, and it spent a lot of time, which leads to a simple system [3,4]. 
 
 
Fig.1. Proportional solenoid DC. 
2. Statement of the problem 
Currently, there is an opportunity to assess the state of the electromagnetic actuator analyzing its Weber-current 
characteristic [5]. However, this method does not require special sensors electromagnetic quantities are available 
within the product, which can significantly simplify the design as an automated system, and a separate system for 
the diagnosis of electromagnetic actuators. [6] Weber-current characteristic can be determined following defects 
electromagnetic actuator Fig. 2: a interturn short circuit a); sticking of the moving part in the initial position b); 
sticking to attract the movable portion in position c) [7,8]. 
 
Fig.2. Defects of the electromagnetic actuator. 
Consider the defective solenoid actuator from sticking movable part in the initial position and the possible 
elimination of the defect.  
Defect sticking movable part may be due to the following reasons: an electromagnetic actuator is mounted in a 
humid environment, in consequence, the components of the electromagnetic actuator can oxidize, which in turn will 
not allow the moving parts to perform switching; thickening, too abundant, the lubricant in the cold, the value of 
opposing forces, freezing the movable part to the magnetic circuit, contamination of adjoining work surfaces that 
increases the coefficient of friction and prevents the product for the given parameters of electric signals [9]. 
Some problem electromagnetic drive failure can be solved by increasing the amplitude of the current supplied to 
its coil, wherein the electromagnetic force acting on the movable portion increases, which will disrupt the movable 
part of the electromagnetic actuator with the "dead point." To automate the removal occurred electromagnetic drive 
failure it is possible to develop an adaptive management system, which allows to remove the Weber-current 
characteristic of the electromagnetic drive, monitor current drop in the received response and calculate its area. The 
system should have an execution unit, the acquisition unit and the data processing controller with a variable 
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coefficient which depends on the data obtained with the electromagnetic actuator for controlling the actuator unit. It 
is also necessary to develop a software to calculate the coefficient of the regulator. 
3. Development of a method to solve this problem 
Pulling characteristic of the electromagnetic actuator is described by formula (1). 
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where P - traction characteristic of the electromagnet, F - MDS, Ȝį - magnetic conductivity of the air gap, į - the air 
gap between the armature and the yoke. 
When using an electromagnetic drive with one air gap and a sufficiently small value can be considered valid the 
following:  
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ȝ0- where the permeability of the air gap, S - cross section of the air gap, į - the air gap between the armature and the 
yoke.
The strength of the electromagnetic actuator rod is defined by the formula:
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Equation (3) shows that the electromagnetic characteristics of the traction drive depends on the MDS of the coil 
which is defined by the formula:  
F IW   (4) 
By increasing the amplitude of the current supplied to the coil - increases traction characteristics of the 
electromagnetic actuator. But at the same time the current pulse should be such that the winding and its insulation 
remained in working condition. For this it is necessary to increase the level of current supplied to the coil, and 
reduce the pulse duration [10]. 
For information about the state of the electromagnetic drive device used KEK-03-MMM-150 [11]. The device 
allows you to determine the current in the coil of the electromagnetic actuator and linkage [12]. By means of the 
USB interface is transmitted captured data to a personal computer where a specially designed software in the 
language of graphic LabVIEW performed data processing and presentation of the results in an accessible form to the 
user and further processing [13]. Just calculated the area of Weber-current characteristics by which you can judge 
the activation or activation of the electromagnetic actuator. The unit is installed controlled current source that allows 
you to change the amplitude of the current supplied to the electromagnetic actuator coil for its response [14]. The 
structural diagram of the device shown in Fig. 3. 
Where L - inductance of the coil; R (t0C) - the active component of the winding resistance; MO - the test sample; 
PA - Power Amplifier; Rn - measuring shunt; A1-A2 - measuring amplifiers; A3-A4 - preamplifiers; K - Switch; 
DAC - digital to analog converter; ADC - analog-to-digital converter; PC - PC [15]. 
Two electromagnetic drive from one party with a working mobile part and pressed state in the initial position 
were selected to confirm the theory [16]. Selected electromagnetic drive have the following characteristics: supply 
voltage 25V; 0,63A current; the number of turns in the coil 800 pcs. 
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Fig. 3. Block diagram of the device KAC-03-MMM-150 
Feeding 0,63A current in the coil of the electromagnetic actuator with a working mobile part, we get Weber-
current characteristic [17] shown in Fig. 4. In the resulting graph shows a characteristic drop in current, which 
corresponds to a change in position of the movable portion of the electromagnetic actuator [18]. 
 
 
Fig. 4. Weber-current characteristic of the electromagnetic actuator with a working mobile part 
When feeding drive current 0,63A to the electromagnetic coil with the movable part pressed state in the initial 
position, obtain Weber-current characteristic shown in Fig. 5. On the resulting graph is not a characteristic drop in 
current corresponds to a change in position of the movable portion of the electromagnetic actuator.
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Fig. 5. Weber-current characteristic of an electromagnetic drive with pressed state in the initial position of the movable part
When feeding drive current 0.8A  to the electromagnetic coil with the movable part pressed state in the initial 
position, obtain Weber-current characteristic shown in Fig. 6. The current drop in the graph is not consistent with 
what the movable part of the electromagnet remains in the initial position. 
When a current is 0.9A, current drop can be traced to the Weber-current characteristic, the movable portion of the 
electromagnetic actuator has moved from the initial position to the final. 
 
 
Fig. 6. Weber-current characteristics of an electromagnetic drive with pressed state in the initial position of the movable part, when applying 
current to 0.8 and 0.9A 
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By increasing the current supplied to the solenoid coil, its increased traction characteristics as evidenced by the 
experimental data [19]. As of the data shows that the area of Weber-current characteristics of the working of the 
electromagnet is greater than that of the defective that will develop software for adaptive control system which 
automatically on the calculated ratio regulator will change the amplitude of the current supplied to the 
electromagnetic actuator coil comparing Weber- current characteristics of the previous trip to this area and to 
monitor the fall of current in the coil. [20] 
4. Conclusion 
To ensure continuous operation of electromagnetic actuators of the control system must be able to adapt to the 
changing parameters of the object. To solve this problem is possible to use the method of control weber-current 
characteristic of the electric drive with a corresponding change in the control parameters, if necessary. The article 
presents the results of eliminating electromagnetic drive failure in the form of "sticking" moving parts, according to 
the resulting Weber-current characteristics, by changing the amplitude of the current supplied to the coil. The 
developed approach can be effectively applied in the design of microprocessor-based intelligent drive management 
system. 
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